induce production of a soluble IL-1 inhibitor from infected monocytes. 6 The BVDV-induced IL-1 inhibitor could conceivably cause decreased osteoclastic differentiation and activity leading to the transient osteopetrotic-like lesions described here. Decrease IL-1-mediated osteoclastic differentiation could explain the poor skeletal growth, domed cranium, and brachygnathia seen in some calves persistently infected with BVDV.
These cases were diagnostically challenging, as the signalment, presentation, and clinical pathology were not initially suggestive of BVDV infection. The detection of BVDV in tissues other than bone marrow was inconsistent in these cases. Bone lesions described have not been previously reported associated with thrombocytopenic strains of type II BVDV. 10 Single radial immunodiffusion (SRID) is a commonly used method to measure serum immunoglobulins (Ig). 6, 8 As practical commercial kits are available, it is the most widely used method of Ig measurement in the dog. 9 Significant variation between laboratories has been reported when SRID kits that measure human serum Ig from different manufacturers have been compared. 5, 10 Therefore, it is likely that the same variability applies for SRID kits that measure canine Ig.
In this study we compared 3 commercial SRID kits (Brands A, a B, b and C c ) for the measurement of canine serum immunoglobulin. Serum samples from 18 healthy dogs were tested for concentrations of IgA, IgM, and IgG according to the manufacturers', instructions with the following exceptions: samples were dispensed into wells with the aid of 10 µl Pippettman; 10 µl of serum was used in each well of the IgA and IgM, A and C brand plates; 5 µl in each well of the IgG, A and C brand plates; and 3 µl in each well of the IgG, IgM, and IgA, B brand plates. Serum samples and the standards provided by each manufacturer were loaded into wells in duplicates and the plates incubated in a humid chamber at 22 C for 22.5 hours. Ring precipitates were measured with an RID plate reader c and concentrations were calculated from the standard curve derived from the log,, concentrations (mg/ 100 ml) of the commercial standards against ring diameter (measuring range 0-16 mm) using a regression equation produced for each test kit. 7 Comparison between test kits was done by multivariate repeated measures analysis (Table 1) and by graphical comparison of the Ig values obtained by the different brands of RID plates ( Fig. 1 ). This was achieved by plotting serum IgG, IgA, or IgM values of each of the 18 serum samples obtained with SRID plates of one brand in the y axis against the homologous paired values obtained with a different brand of SRID plate in the x axis. The line was then graphically compared against an ideal line showing complete agreement between 2 brands (i.e., a line running through the origin at 45° from either axis). Variability of duplicates was also analyzed to determine the precision of each test kit for each immunoglobulin.
Linear correlation between kits ( Fig. 1 ) were acceptable (R 2 > 0.83); however, multivariate repeated measures analysis (Table 1 ) and graphical comparisons ( Fig. 1 ) revealed differences (P < 0.05) between the 3 kits being tested. The C brand IgG plates read lower (P = 0.022) than A and B brand IgG plates ( Fig. 1A, 1C ). The A and B brand IgG plates were directly comparable ( Fig. 1B) . Differences between kits were most noticeable for the determination of serum IgA concentrations. All 3 kits had significantly different working ranges for IgA (P < 0.001). Furthermore, comparison of the results obtained with the A and B brand plates ( Fig. 1F) and B and C brand plates ( Fig. 1E ) revealed a 2-fold difference in the IgA values. Comparison of the IgA results obtained with A and C brand plates revealed a 5-fold difference (Fig.  1D ). The B brand IgM plates read significantly higher (P < 0.00 1) than the A and C brand plates ( Fig. 1H, 1I) , while A and C brand IgM plates were comparable (Fig. 1G ). The reproducibility of the measurements for each brand test kit and for each immunoglobulin isotype was evaluated by calculating the relative error between duplicates as a percentage of the duplicate average with the formula: 100(absolute value differences between duplicates/absolute value average of duplicates). The values obtained for IgG, IgA, and IgM for the different brands were as follows: brand A, 4.5%, 5.8%, and 7.7%; brand B, 5.6%, 6.1%, and 6.9%; and brand C, 11.6%, 14.6%, and 9.9%. These results indicate that plates of brands A and B generated the most reproducible results, while brand C plates were slightly more variable. The kits were also assessed for practicality and ease of use. The A and C brand plates were generally found to be easy to use and read. Filling the wells for the B brand plates proved difficult due to the smaller well size and serum volume required (3 µl). Ring interference was also an inherent problem in the IgG plates of the latter brand because of the small space between wells. The zones of precipitation for IgA with all 3 kits were faint but consistently readable. The zones of precipitation for IgM on the B brand plates were impossible to read. A replacement kit from the company produced the same results.
There are several possible reasons for the disparate measurements of serum IgA levels produced by the different kits * Multivariate repeated measures analysis was utilized to compare the serum IgG, IgA, and IgM levels obtained from 18 dog serum samples analyzed with 3 different brands of single radial immunodiffusion test kits. † Significant differences between kits (P ≤ 0.05).
tested. The most likely reason however, is that the Ig standards provided by different companies do not correspond to each other in the amount of immunoglobulin they possess, and thus the calibrated plates from different vendors are not comparable. For example, when brand C IgA standards were evaluated for their IgA concentration on brand A IgA plates calibrated with the brand A IgA standards, the resultant values for these standards were 4 to 5 times lower than the values indicated in their respective vials. Conversely, when brand A standards were evaluated for their IgA level in brand C IgA plates calibrated with brand C IgA standards, the estimated IgA concentrations were 4 to 5 times higher than the concentrations indicated in their respective vials. According to these results it would be expected that the measurement of IgA in test serum samples with brand C plates would be much higher than measurements with brand A plates. Indeed, this was the result observed in the comparative analysis of IgA levels (Fig. 1D ). Other possibilities include differences in both the affinity and specificity of the antiserum incorporated in the agar. Antiserum for radial immunodiffusion should be prepared by immunizing animals with normal immunoglobulins and not myeloma proteins to minimize the chance of producing an antiserum with restricted antigenic specificities. 6, 11 The antiserum incorporated in the agar should be monospecific and give linear responses over the required range. Failure to produce adequate ring precipitates usually indicates insufficient antiserum within the agar. Agar plates for timed diffusion contain less antibody than those for the endpoint method intended to produce measurable rings in a shorter period of time. The antigento-antibody ratio must be sufficiently high to ensure diffusion of the antigen into the gel and permit the formation of a distinctly visible precipitate. 8 Measurement of IgA poses particular problems. Canine serum IgA is produced by plasma cells within the intestinal mucosa, is predominantly dimeric, and accounts for 80% of serum IgA. 12 The remaining 20% is monomeric and produced by the spleen, peripheral lymph nodes, and bone marrow. Biomedicals (Costa Mesa, CA), VMRD Inc. (Pullman, WA), Antiserum against IgA is usually produced by immunizing and Bethyl Laboratories (Montgomery, TX) for providing animals against secretory IgA. Overestimation of the quan-the canine single radial immunodiffusion kits used for this tity of immunoglobulin will occur when the immunoglobu-study. lins being measured are of smaller molecular weight than the immunoglobulin used to produce the standard curve. 8 An-
Sources and manufacturers
tiserum prepared with serum IgA will behave differently from antiserum prepared from secretory IgA. The proportion of a. ICN Biomedicals, Costa Mesa, CA. monomeric to dimeric IgA within the standards will also b. VMRD Inc., Pullman, WA. c. Bethyl Laboratories, Montgomery, TX. affect how the standards behave. Additional potential sources of errors in SRID include distortion of the wells, improper filling of the wells, failure to remove excess moisture from the wells before adding the sample, introduction of air bubbles to the wells, incorrect or inconsistent measurement, variinclude pipetting small volumes of serum into small wells, which increases the risk of pipetting error, and a small diffusion ring, which reduces the accuracy of the test. 2 Further, interference between zones of precipitation of adjacent wells changes the shape of the rings from round to oval, leading to potential measuring errors. able incubation conditions, and the presence of abnormal immunoglobulin molecules. 8 In this study all of the variables were controlled as much as possible to minimize these sources of variability. Other variables which were beyond our control d. The Binding Site, San Diego, CA.
Alterations in serum immunoglobulins have been noted in a number of conditions in humans and dogs. Therefore, the incidence of class immunoglobulin deficiencies, particularly in IgA, has received interest in both humans and dogs 1, 3, 4 The wide variation in serum IgA levels provided by the different kits tested in this report could lead to false conclusions as to the incidence of IgA, or other serum immunoglobulin deficiency within a population, if an adequate control group is not included in the study. Laboratories using SRID test kits to measure serum immunoglobulins must prepare their own reference ranges rather than rely on values found in literature or provided by the manufacturers. In humans, reference sera provided by the World Health Organization is used to standardize commercial immunoglobulin test kits. Reference sera should be prepared from normal canine sera and calibrated for absolute immunoglobulin concentration against a purified immunoglobulin sample. Efforts must be made to develop international reference sera for the standardization of canine commercial reference sera before comparisons between laboratories and methodologies will be meaningful.
